In most countries where forestry is advanced, the assessment of the volumes of growing stock, increment and cut is the norm. In Britain such measures are the exception rather than the rule. To find a set of woods where not only are these variables regularly assessed using the 'check' method, but where expenditure and income are also recorded on a consistent basis over a long period is rarer still. This is the position for the Ipsden estate woods owned by Mr Michael Reade. The woods are themselves exceptional since they represent one of the few examples in lowland Britain of a forest in which the management objective for half a century has been to create an all-aged structure intermediate between single tree selection and group selection using a mixture of broadleaved and coniferous species.
Introduction
In most countries where forestry is advanced, the assessment of the volumes of growing stock, increment and cut is the norm. In Britain such measures are the exception rather than the rule. To find a set of woods where not only are these variables regularly assessed using the 'check' method, but where expenditure and income are also recorded on a consistent basis over a long period is rarer still. This is the position for the Ipsden estate woods owned by Mr Michael Reade. The woods are themselves exceptional since they represent one of the few examples in lowland Britain of a forest in which the management objective for half a century has been to create an all-aged structure intermediate between single tree selection and group selection using a mixture of broadleaved and coniferous species.
The purpose of this account is to set out the position on growing stock volumes at the beginning and end of a period of 27 years, to record increment, to estimate the value of the woods worked on the current management goal which is aimed at the attainment of an ideal stand of a 
Summary
Increasing interest in continuous cover management of woodlands in Britain indicates the need for more study of the resulting wood production, since sales of wood remain the most important source of finance for established woodlands. Detailed enumeration data by 1 inch quarter girth (1Љ QG = 3.23 cm diameter) classes and records of cut are available for 22 compartments of all-aged woodlands of the Ipsden estate, Oxfordshire, together with accounts compiled on a consistent basis since 1973. Predominant species are beech, oak, ash, cherry with, usually younger, European larch, Scots pine and other conifers managed on an irregular group selection system. Average growing stock volume of material over 5Љ QG increased from 1080 hoppus feet per acre (96.3 m 3 ha -1 ) in 1973 to 1800 h.ft per acre (160.4 m 3 ha -1 ) in 2000. Cut amounted to 593 h.ft per acre (52.8 m 3 ha -1 ). Total increment over the 27 years was 1312 h.ft per acre or 48.6 h.ft per acre per year (4.33 m 3 ha -1 a -1 ). An 'ideal' stand is defined. The net annual income relative to value of standing timber of this is 1.8 per cent. The current absence of simulations of growth and potential yield in mixed-age, mixed-species stands makes forecasts of volume and money yield difficult. A plausible profile of future net income suggests that net present value of the current stock lies between £1450 per acre at 2 per cent and £750 at 3 per cent, both values being substantially lower than the standing value of timber of £1670 per acre: equality occurs at 1.7 per cent. This result should be set alongside the return, without grants, of growing even-aged broadleaved stands in Britain of a little over 1 per cent in real terms. selection type diameter distribution and to estimate the prospective yield on capital.
Context
All-aged management at Ipsden Reade (1957) has described the method used since 1953 to enumerate the growing stock of his Oxfordshire woods which are situated on the Chilterns, 7 miles north-west of Reading, Berkshire (longitude 1°3Ј W, latitude 51°33Ј N). Further detail is given in Reade (1990) of both methods and results, with illustrations of volume increase for individual compartments on an estate which now amounts to 350 acres (142 ha). Many of his woods were clear-felled or heavily exploited during World War II and the aim has been to retain, so far as practicable, individual trees or small groups of trees, and to install small plantations where tree growth was lacking in order to create and maintain forest conditions. The purposes in sustaining cover are thus to capitalize on stems of high potential, to provide shelter for neighbouring trees and so encourage height increment in particular, to provide seed sources for natural regeneration, to enhance the diversity, biological and other, of the woods and to maintain the landscape of the estate's landholding in this quarter of the Chilterns Area of Outstanding Natural Beauty. The principal species are beech (Fagus sylvatica L.), oak (predominantly Quercus robur L.), ash (Fraxinus excelsior L.) and cherry (Prunus avium L.), with some older European larch (Larix decidua Mill.), Norway spruce (Picea abies L.) and Scots pine (Pinus sylvestris L.), and, in younger stands planted in the last 50 years to fill out poorly stocked woods, Western hemlock (Tsuga heterophylla Raf. (Sarg.)), noble fir (Abies procera Rehd.), grand fir (Abies grandis Dougl. (Lindl.)), Western red cedar (Thuja plicata Donn ex D.Don) and Douglas fir (Pseudotsuga taxifolia Poir. (Britt)). Sites vary in elevation from 90 m in one outlying block to 195 m, with the bulk of woods lying near the latter level. Annual rainfall is about 700 mm. Some 65 per cent of the area is underlaid by Clay-with-Flints, consisting of clays or loamy clays with flints, often several metres in depth overlying Upper Chalk. These soils are slightly acid, with pH falling to as low as 4.5 on some sites. The remaining 35 per cent of the woods are on thin soils overlying chalk with pH rising as high as 9.0, and associated with rather lower yields and a restricted choice of species. Top heights of mature broadleaves seldom exceed 23 m, but recently introduced conifers, especially Douglas fir on clay-with-flints soils, reach 25-28 m at ages of 40-45 years.
The aim in the long term is to attain an 'ideal' size-class distribution comparable with those established in Switzerland with a cut-off at a maximum breast height quarter girth (BHQG) of around 24 inches (77.6 cm diameter). [The measurement units recorded here are those consistently used by the estate: there is little purpose in converting from 'Imperial' units to metric from the point of view of understanding the uses to which the data have been put. Relevant conversion factors are: 1 inch quarter girth (1Љ QG) = 3.23 cm diameter, 1 h.ft = 0.03605 m 3 , 1 acre = 0.4047 ha, 1 h.ft per acre = 0.08909 m 3 ha -1 .] A target all-aged growing stock of the order of 2400 h.ft per acre (214 m 3 ha -1 ) is considered appropriate on the basis of the present species mix, yielding 58 h.ft per acre per year (5.1 m 3 ha -1 a -1 ) or 2.4 per cent. Thinning of small (under 5Љ QG material) is carried out as necessary. The cut of over 5Љ trees is not set at a level to be adhered to slavishly and ranges between 4000 and 7000 h.ft per year. In gaps of more than 0.1 acre (0.04 ha), artificial regeneration (planting) is carried out where natural regeneration does not arise.
Availability of data
Dependable assessment of a long-term activity, such as forest management, calls for data covering long periods. If recorded data are not available then assumptions on future growth and yield have to be made. The position on data at Ipsden is that these are unusually well provided with respect to the state of the growing stock, the reporting of cut and the costs of operations conducted. A consistent method of recording growing stock in compartments with substantial quantities of measurable trees has been used since the first enumeration in 1953. However, owing to the poor stocking of many woods following wartime felling, recruitment of compartments to a state warranting enumeration has been gradual. By early 2000, 22 compartments covering 330.7 acres (133.8 ha) had been enumerated at least once. Of these compartments, 15 had been enumerated by 1973. A further 22 acres await a first enumeration but this area has been excluded from the following analysis, although it should be noted that some restocking expenditure has been incurred on this area.
In addition, consistent financial recording has been undertaken from 1973. As revenue and expenditure data are not available for individual compartments, analysis of value change is only feasible for the estate as a whole. In order to provide the longest possible run of data, the starting year for valuation is 1973 and the ending year 2000.
Apart from the growing stock information detailed in the next section, data include volume felled by species, total costs of operations, excluding those of harvesting wood (instead these have been deducted from sale price), sale revenues, and Forestry Commission grants.
Data from enumerations
The methods of applying the 'méthode du contrôle', which are explained in more detail in Reade (1957 Reade ( , 1990 , are to enumerate compartments at intervals of between 6 and 10 years, using two measurers with girthing tapes, and one booker. This requires about 3 man-hours per hectare (Hart, 1995) . Only trees over 5Љ breast height quarter girth over bark (BHQG OB) are counted (16.2 cm diameter OB), with trees booked by species and by 1Љ classes. Basal areas are calculated and a root mean square diameter derived. Volumes are estimated by means of one of two local volume tables covering all species. These tariffs were drawn up based on measurements of 400 trees in 1952-53 to produce a basic tariff (tariff 1) and another (tariff 2), ranging from 5 to 15 per cent higher. [As Philip (1994) points out, the term 'tariff', meaning a local volume table based on entry by the single measure of diameter (or girth), dates from use in France and Germany during the 19th century and thus preceded the usage developed by Hummel (1955) and adopted in Forestry Commission tables (Hamilton, 1973 (Hamilton, , 1975 . The latter are intended solely for use in individual even-aged stands.] The volume of the bole alone is considered. At the time when the tariffs were calculated, conifers formed only a small proportion of the growing stock over 5Љ. Subsequent measurements indicate that small diameter conifers may contain substantially more volume, especially in smaller sizes, than broadleaved trees of the same girth on tariff 1. The tariff used has been changed to tariff 2 in seven of the 22 compartments over the period of use of the check method; the tariff being changed when a compartment has been selectively thinned so that the bulk of the low quality stems have been eliminated.
Volume calculations
A major concern of the work reported here is to state some of the financial results of management. Accordingly, the changing value of the growing stock is of primary interest. The estimation of growing stock value in 1973 and 2000 calls for, first, assessments of volume of growing stock in each compartment in the two years and, secondly, the pricing of that stock.
Assessment of growing stock volumes
Growing stock volume 1973 Where no felling occurs between two successive enumerations at an interval of n years spanning 1973, the method is simple: let V 1 = growing stock volume at enumeration before 1973, and let V 2 = volume at the next enumeration, n years later. Then the average annual growth of growing stock is (V 2 /V 1 ) 1/n and this is applied over the number of years between enumeration 1 and 1973, say r, to yield
Records of thinnings are maintained. These are quantified by tariff volume, rather than by felled measure. Where thinnings amounting to volume V t occur over the period of n years between the two enumerations but after 1973, V t is added to V 2 . The annual growth is calculated as [(V 2 + V t )/V 1 ] 1/n . This rate is applied to V 1 where felling only occurs after 1973. Where thinning of volume V t occurs before 1973, this annual rate of growth is applied to V 1 -V t . Both these methods assume that full stocking is effectively maintained following the felling. This is considered a reasonable assumption since rarely does felling involve the removal of more than a few trees at any one location.
There is, however, a computational point to note. As shown in Appendix 1, in the second situation (cutting occurring before 1973) growth in V 1 -V t must be slightly higher than that of [(V 2 + V t )/V 1 ] 1/n . An adjusted rate of growth requires to be applied to V 1 -V t . In practice, this more laborious approach leads to only a very small adjustment in the resulting estimate of growing stock in 1973 and results of the approach are not reported here. Table 1 shows the calculations for the whole set of compartments managed at 2000, covering 330.688 acres. In compartments where the first enumeration occurred after 1973, a process of 'back projection' has had to be adopted. Most of the woods concerned contained old broadleaves with low average increment rates. Rates varying between 1.5 and 2 per cent were applied and any cut occurring between 1973 and the year of first enumeration was added back.
Growing stock in 2000
The calculation of year 2000 growing stock calls for an assumption on increment between the date of the latest enumeration and 2000, an interval which may be as long as 8 years. Although rates of increment are, except in the case of young coniferous stands, low, care has to be taken in selecting the increment rate. Evidence on rates of periodic increment is available for several inter-enumeration intervals for most compartments and a conservative extrapolation has been made for the period between the last enumeration and 2000 after allowing for any fellings since the last enumeration. Table 2 shows the increment rates of recent inter-enumeration intervals and those assumed for the period between the most recent enumeration and 2000. Table 3 sets out the calculation and results for the growing stock in 2000.
Change in growing stock and total increment
The volume of material over 5Љ BHQG has increased by 237 905 h.ft (67 per 
The 'ideal' growing stock
Management is aimed at the production of a stem number/girth distribution which approximates to a negative exponential curve truncated at a given girth. [The name of de Liocourt is usually associated with the idea of an exponentially declining stem number with increasing tree size measured by diameter. H.A. Meyer developed and systematized the concept. See Knuchel 1953, Chapter 4, for Swiss examples.] This assumes that a steady state can be attained and maintained, but the aim is not to work slavishly to a pre-ordained distribution of stem number by girth class. It is recognized that in reality there is no single end state: this will change with environmental and other circumstances. There will always be room for improvement in such aspects as choice of species and (current rules allowing) genotype. Markets must also affect the objective; thus if it is judged that the value of larger diameter to smaller girth trees is likely to increase in the long term, more thinning in pole stage and small and medium girth classes will be desirable. The volume will also vary with site.
It is, however, relevant to show the implications of a particular distribution. Assuming N = 53e -0.175 QG , where N = stem number per acre, and applying the volumes of Ipsden tariff 2, one obtains the values shown in Appendix 2. These result in a growing stock of 2419 h.ft per acre (215.5 m 3 ha -1 ). Increment and, by implication, cut, can be estimated given data on the time of passage from one girth class to another. This will differ across girths, with site and with maximum girth (since competition will be increased and girth increment reduced with higher levels of growing stock). Some calculations of times of passage within the girth distribution of a single compartment have been made; Knuchel (1953, pp. 224, 225) illustrates the method. In Appendix 2 a uniform time of passage of 8 years is assumed, implying an average ring width of 0.08Љ or 2 mm, and leads to the calculation of an annual increment and cut of 67.4 h.ft (6 m 3 ha -1 ) or 2.8 per cent of growing stock. Some compartments approximate to a negative exponential at present, notably Compartment 2B, with others moving towards the desired state, partly through the introduction of faster growing and often shade-bearing species, in addition to under-and inter-planting of beech, oak and other broadleaves since the late 1950s.
Financial appraisal

Aims
Two different aims of valuation are distinguished here. They are:
1 to indicate the success of management over the past 27 years for which income and expenditure figures are available 2 to assess the likely return of future net incomes on the standing value of the growing stock in the year 2000.
It is not the purpose of this note to compare the results, or projected results, of the current form of management with some other system such as clear-felling and restocking with even-aged stands, though such an exercise could be readily undertaken. Nor is it the purpose to attempt to include provision for inclusion of the money values of non-wood elements, including both marketable outputs such as Christmas trees, sporting, other commercial recreational activities such as war games, and non-market outputs. Descriptions of the last category have been greatly refined in recent years. The main feature 262 FORESTRY Growing stock volume at last enumeration, h. ft. using tariff. § Volume of thinnings since last enumeration, tariff or felled measure. **Increment % over last inter-enumeration period from In the case of a private estate's woods, such as those at Ipsden, all the values referred to above arise. However, interest is centred here on the timber content of the woods and the value arising from the species and stem size composition of the woods. In practice, tree size and species are the factors for which data are available by which the diversity component may be assessed.
On the first aim noted above, two of the usual routes to valuation are impracticable. If the asset is producing a cash surplus, one can compare this with some measure of capital value to see whether the asset is producing an acceptable rate of return. As it happens, the Ipsden woods are not yet in the phase of producing a regular net revenue; stocks are still being built up. Secondly, one can measure capital value by reference to market prices of woodlands. Market price data are, however, only available with which to value relatively frequently represented types of woodland such as even-aged conifer plantations: these have been used to value Forestry Commission forests since 1990 (Forestry Commission, 1993) . Evidence on woodland sales is too thin to provide even an indication of change in value over the 27 years for which income and expenditure data are available. Finally, if a budget is made for some period ahead, one can compare out-turn with budget. This is the basis of the Forestry Commission's procedure from 1972 to 1990 in its triennial valuation of the Forest Enterprise plantations, which includes budgets for cash flows up to the ends of lives of the current stands. This approach is impracticable in detail at present for the Ipsden woods but an indicative calculation is nevertheless possible. Standing price assumptions Based on estate sales in the past few years, it is considered that standing tree prices across all species may be approximated by the equation
Change in standing value
where P = standing value in £ per h.ft over-bark felled measure, and QG = over-bark BHQG in inches.
It is believed that prices of broadleaves (which form the bulk of the growing stock) in 1973 were similar in real terms to those represented by the equation. Whiteman et al. (1991) provide evidence on this point. They use the national price index of home-grown hardwood logs as their indicator of price movements over the period and conclude that 'in the long run, prices are stable and have not shown an upward or downward trend over the period'. Notwithstanding the fact that prices in real terms rose 40 per cent from 1972 to 1973 and 1974, it is considered reasonable to retain the assumption that starting and ending years' prices in real terms have been similar.
Standing timber valuations of growing stock in 1973 and 2000
Because the price-size curve slopes upward, the price-weighted average tree size is larger than the average derived via average basal area or average volume. For all enumerated stands the detailed record allows calculation both of the price-weighted average and basal areaderived BHQG, and from this a 'price adjustment factor'. Where the first enumeration occurred before 1973, the value appropriate to that year has been derived by interpolation. Back projection has been adopted where the compartment was first enumerated after 1973. For 2000, extrapolation is necessary to provide factors for each compartment. These factors are in all cases higher than the 1973 values owing to the effect of management in spreading the size distribution, and the effect is larger where small tree sizes have grown in relative importance. Tables 4 and 5 set out the method of appraisal for four compartments for 1973 and 2000, respectively, together with the sum total of such calculations for all compartments.
Data on expenditure Accounts have been compiled on a consistent basis since 1973 for all woodlands' expenditure. These are comprehensive apart from exclusion of the value of the owner's time in managing the woods. It appears that costs of operations have been kept under control in line with experience in other woodlands. Thus the number of workers employed on jobs other than harvesting and road making (the costs of which have been deducted from sales receipts) has been reduced from four to one over the period, partly as a result of declining planting programmes and partly because of increased labour productivity. It is believed that the unit cost reductions have been similar to those achieved in forestry in general in the last four decades in Britain.
Adjustment for inflation
In order to adjust net incomes over the past 27 years to £ of 2000 value, the gross domestic product implicit price deflator has been used.
Impact of expenditure from 1973 to 2000
It is of interest to observe the results of net expenditure on the woods over the years 1973 to 2000 against the value (at year 2000 standing prices) of the growing stock which rose £247 236 from Table 3 . † By interpolation between QGs of average basal area from enumerations before and after 1973 except for those first enumerated after 1973 for which QGs were calculated after back projection. ‡ Adjustment for QG distribution about mean in 1970s, except those calculated by back projection. ¶ Price of this QG (see text on standing price-size relation). (2000)102 501. Table 6 shows compounded values of standing timber (a) excluding and (b) including land at £500 per acre (£1236 per ha), and 27 years' inflation-adjusted net expenditure, (aЈ) including Forestry Commission grants and (bЈ) excluding grants, compared with the value of standing timber, without and with land, in the year 2000.
By interpolation, rates of return are found as follows: a 1.33 per cent, aЈ 0.85 per cent, b 0.87 per cent, bЈ 0.68 per cent.
Thus, if one measures value as the sum that would be obtained by liquidation of the standing timber, the return in real terms has been of the order of 1.3 per cent per annum including Forestry Commission grants, and 0.9 per cent excluding grants. When the cost of using the land is included, returns fall to 0.9 per cent and 0.7 per cent, respectively.
Estimation of net present value at 2000
Such a method of valuation is common in woodland transactions but it is deficient in assessing the long-term gains to investment in woodlands. It takes no account of the fact that the benefit attached to retention of the standing stock is higher than its value felled: if this were not so it would be more profitable to fell the trees assuming no legal or other constraints.
It is clearly desirable to make a discounted cash flow appraisal both for the initial year and the closing year, as was done quinquennially, and subsequently triennially, for State forests in Britain until 1992. Appraisal of management over some decades for calculation of a net present value at the starting year requires that the physical data enabling this to be computed, even retrospectively, should be available. In British woodlands generally such information is sparse, especially as a result of the regrettable removal of long-term Plans of Operations with the closure to new entry of the Forestry Commission's Dedication Scheme in 1981. Many estates compile accounts on a consistent basis over long periods, as shown by, for example, MacGregor (1949) , who recorded expenditure and income on the woods of three English estates over periods as long as 60 years. No data were, however, available to him on the changes in the size of the growing stocks of each. Ipsden is one of the very few estates in Britain for which the necessary data on stock at successive enumerations are available.
[The other British estate for which enumeration data have been published is that including the 266 FORESTRY Parmoor Woods, Buckinghamshire, assessed by Bourne (1951) in the 1930s.] Enumerations are important in guiding current management and essential in providing the basis on which to estimate future growth and yield by size-class. In order to make such long-term forecasts of yield, more mensurational work is required, an area of study that has hardly been seriously touched in Britain (but see Mason (2001) for comment on this point). This work would no doubt follow the leads provided by Usher (1969a Usher ( , 1969b , Ek (1974) and Adams and Ek (1974) , which have been explored and developed by American workers in particular (see Buongiorno and Michie, 1980; Haight, 1985; Buongiorno et al., 1995; Buongiorno, 1996; Volin and Buongiorno, 1996) . As with any modelling, testing the validity of the final output is a major task and the situation in which a modeller has a substantial set of similar data is rare. The circumstances in which data on growing stock and cut by narrow (1Љ quarter girth or 3.23 cm diameter) classes for four or five intervals between enumerations are available, as occur at Ipsden, provide an unusually rich opportunity.
A feasible method to be adopted is as follows:
1 estimate the time (T) from the present to the year in which a given compartment is likely to be in the desired 'ideal' condition 2 assign a net present value (NPV) to this stand on the site concerned 3 forecast income and expenditure over T years 4 discount forecast cash flows to T, and NPV of ideal stand at T.
This process should properly be carried out for each compartment. However, in the absence of the required long-term projections of yield, only an indicative figure of net present value is possible. The calculation made here aggregates all stands and assumes that conversion to the ideal state is attained on average in 40 years.
Applying the prices noted above to the volumes by quarter-girth class of Appendix 2, the annual revenue from standing sales of timber in the 'ideal' stand is found to be £83.55 per acre at constant 2000 prices. For 330.7 acres, this implies £27 630 for the total woodland area. Assuming that the annual cost of silvicultural operations plus overheads remains constant at £12 000, the net revenue applicable to the combination of land and trees becomes £15 600. Thus, once the desired state has been attained in all compartments, the expected net annual revenue is £15 600 in perpetuity. Before that stage is reached, the annual net cash flows have to be assessed. Table 7 shows annual cash flows (by quinquennia to 1997, then one triennium to 2000) to 2000. Thereafter, assumed annual cash flows were derived from a freehand curve drawn from the cash flow averaging from -£9100 in 1998-2000 to +£15 000 in 2040. For convenience, the results are shown by quinquennia.
The sums of cash flows from 2000 to 2040 amount to £127 000 at 2 per cent and £90 000 at 3 per cent, while the discounted values of net revenues after 2040 (£15 600/0.02 or £780 000 at 2 per cent and £15 600/0.03 or £520 000 at 3 per cent) are £353 000 and £159 000, respectively. The total NPVs at 2 per cent and 3 per cent thus amount to £480 000 and £249 000, respectively.
While future net revenues and their present values at particular discount rates may be calculated, the initial expense of creating the growing stock at the start of the period of review is not so readily identified. On the analogy of the cost of establishing an even-aged plantation, the only possible course is to adopt the cost of purchasing timber and land in the year 2000 as the initial cost, being comparable with the purchase of land and plants at the beginning of a crop's life. The net present values of future revenues shown may then be compared with the sums of £580 000 excluding land from Table 5 , or £745 000 including land at £500 per acre. Two conclusions follow. The first is that the present value of future net returns equals that of timber value alone at 1.7 per cent, or 1.5 per cent if land value is also included. Secondly, if, after taking account of his valuation of other benefits, the owner's opportunity cost of capital exceeds the resulting rates, it is logical to fell the existing timber (and possibly also sell the land). Since clearance without restocking is not a feasible option under current management rules in Britain, the minimum expenditure capable of ensuring an acceptable crop must be deducted from timber value before a decision to fell and restock, or fell and sell with a restocking condition attached, can be determined.
Conclusions
With the increasing interest in continuous cover management, it is instructive to survey the results of 50 years of such management on the Ipsden woods. There, as with most estates, timber sales remain the most important source of finance for sustained management of forests and the analysis of what has happened to wood capital and yield is therefore highly relevant.
Increment over the 27 years under review averaged 48.6 h.ft per acre (4.33 m 3 ha -1 ) per year of stems 5Љ BHQG and over. Since 1953, the old, frequently less vigorous stock, often of very poor form, has gradually been removed, and regeneration, including the establishment of small plantations, has produced a well-stocked condition. Average tree size has fallen, probably by 1.5Љ QG (4.9 cm diameter). The average growing stock of 1800 h.ft per acre (160 m 3 ha -1 ) in 2000 is well on the way toward the target volume of some 2400 h.ft per acre (214 m 3 ha -1 ). Reade expects the 2400 h.ft per acre target growing stock figure to be stepped up at some time, principally because the combined effects of selective thinning and site improvement are already producing individual trees (especially oaks) which measure out at better than tariff 2 -that is, foreshadowing introduction of a tariff 3, not as yet applied in practice but foreseen by Reade (1957) .
In the long term, it is calculated that stands at Ipsden managed on an all-aged basis will produce an annual increment and cut of the order of 67 h.ft per acre (6.0 m 3 ha -1 ). The resulting cash flows may amount to £84 per acre (£208 ha -1 ) from sales of timber at standing timber prices, or £47 (£116 ha -1 ) net of silvicultural and protection costs. The implied return on the capital represented by the growing stock of the ideal stand is 1.8 per cent or, allowing £500 per acre (£1236 ha -1 ) for the land, 1.5 per cent. However, this measure takes no account of the cost of attaining the capital represented by the timber value of the ideal growing stock. These are 1.7 per cent without land, and 1.5 per cent including land. These results are in line with the figure of 1.1 per cent, excluding land, calculated as the internal rate of return for plantations of 'native broadleaves on better land managed for timber production' (Dewar, 1991) . The low rate of return on oak and 268 FORESTRY ... ... beech is reflected in the £437 per acre (£1080 ha -1 ) 'subsidy' required for restocking in the state forests of the Forestry Commission's East England Conservancy, which includes comparatively profitable pine forests as well as broadleaved woods, to be capable of earning 3 per cent in real terms (Forestry Commission 1991, p. 52) . In 2001, the restocking grant (half that of new planting) available to private woodland owners stood at £212 per acre (£525 ha -1 ).
Some 93 enumerations and records of cut by size-class constitute an unrivalled source of information on the structure of the growing stock of the woods and changes in them. This body of information awaits analysis on the lines of the simulation and optimization procedures pioneered by Ek (1974) and Buongiorno (1996) . Ignoring the constant (53) and setting k equal to the exponent, stem numbers per acre, n 1 in QG class g 1 , = e -kg1 and at g 2 , n 2 = e -kg2 . n 1 -n 2 is the increase in stem numbers with increment of the whole class g 1 to g 2 . The relative change in numbers, the increment over the time of passage from g 1 to g 2 = n 1 -n 2 /n 2 = e -kg1 -e -kg2 /e -kg2 = e kg2 -kg1 -1. If g 2 -g 1 is set at 1, this simplifies to e k -1. For k = 0.175, this equals 0.191246.
